Acromial and scapular spine fractures after reverse total shoulder arthroplasty occur predominantly as a result of bony insufficiency secondary to patient and intra-operative technical factors. The spectrum of the pathology can range from a stress reaction to an undisplaced or displaced fracture. Prompt diagnosis of these fractures requires a high suspicion in the postoperative patient with a clinical presentation of acute onset of pain along the acromion or scapular spine and/or deterioration of shoulder function. Conventional shoulder radiographs are frequently unreliable in identifying these fractures, especially if they are undisplaced. Computed tomography (CT) and/or single photon emission computed tomography/CT scans are useful imaging modalities for obtaining a definitive diagnosis. Early diagnosis and non-operative treatment of a stress reaction or undisplaced fracture is essential for preventing further displacement and potential disability. The management of displaced fractures is challenging for the orthopaedic surgeon as a result of high rates of mal-union or non-union, decreased functional outcomes, and variable results after open reduction and internal fixation. Strategies for preventing these fractures include optimizing the patient's bone health, correct glenoid baseplate screw length and position, and avoiding excessive deltoid tension. Further research is required to identify the specific patient and fracture characteristics that will benefit from conservative versus operative management.
Introduction
Reverse total shoulder arthroplasty (rTSA) is an effective surgical procedure for rotator cuff arthropathy, [1] [2] [3] irreparable rotator cuff tears, [2] [3] [4] fracture sequelae, 3, 5 and revision shoulder arthroplasty. 2, 3 Consequently, the utilization of rTSA is increasing, with a reported incidence of 33% in a recent epidemiological study by Schairer et al. 6 in primary shoulder arthroplasty. However, the technical challenges of rTSA have resulted in a reported complication rate of 19% to 68%, 3, 4, 7 with the most common complications including scapular notching, glenoid component loosening/ failure, infection and instability. 2, 8 Stress fractures of the shoulder girdle involving the acromion, 9-15 scapular spine, [16] [17] [18] [19] [20] [21] clavicle, 22 and coracoid 23 after rTSA are less frequent complications and consequently, they have received limited focus within the upper extremity literature. The more common subset of the aforementioned stress fractures occurs in the acromion and scapular spine in 3.1% to 10% [9] [10] [11] [12] [13] [14] [15] 18, 19, 21 of patients undergoing rTSA and comprises the primary focus of the present review. We consider that this incidence is understated and will increase with improved surgeon awareness of the diagnosis, imaging assessment and expanded utilization of rTSA.
Extensive knowledge of the musculoskeletal and neurovascular anatomy of the shoulder girdle is essential for comprehending the modified biomechanics of the native shoulder after rTSA and for successful implantation of the rTSA, specifically the glenoid component. A comprehensive discussion is beyond the scope of the present review but has been described extensively in the literature. [24] [25] [26] [27] [28] [29] In Paul Grammont's original rTSA, the system focused on four key biomechanical principles: (1) a fixed centre of rotation that is distalized and medialized relative to the native level of the glenoid; (2) a deltoid lever arm that must be effective at the start of shoulder movement; (3) the inherent stability of the rTSA; and (4) a semiconstrained articulation created by a large glenosphere and small humeral cup. 1, 30 The first and second principles highlight the increased stress on the acromion and scapula during post-rTSA shoulder motion.
The deltoid has a broad origin across the lateral third of the clavicle, acromion and scapular spine. It consists of the anterior, middle and posterior heads, which, in the native shoulder, primarily act as a shoulder flexor, abductor and extensor, respectively. After rTSA, the arm is lengthened by approximately 2.5 cm, 8, 31 which increases the abductor moment arm in all three deltoid heads, thereby converting abduction to their primary function. 32 The increased arm length and deltoid tension increases the force between the humeral and glenoid components, therefore improving the stability of the prosthesis. 25 However, the modifications made by the orthopaedic surgeon to ensure postoperative stability and deltoid function place an increased stress on the shoulder girdle, which is considered to increase the risk of postoperative fracture.
Acromial and scapular spine fractures after rTSA are a challenge to diagnose and manage for the orthopaedic surgeon and this leads to a decreased functional outcome for the patient. We consider that the bony pathology comprises a spectrum for which the earliest presentation is a stress reaction, which then progresses to an undisplaced fracture and, finally, to a displaced fracture. The present review will discuss the diagnosis, aetiology and management of acromial and scapular spine fractures after rTSA.
Clinical evaluation
A thorough history of the patient's functional status, postoperative clinical symptoms and onset of pain should be taken. Generally, patients with a postoperative acromial or scapular spine fracture report a period of pain relief from the pre-operative shoulder pathology followed by an acute increase in pain along the acromion or scapular spine. The onset of pain occurs, on average, 2 months to 48 months postoperatively. 10, 12, 16, 18, 19, 33 However, Teusink et al. 14 reported a patient with scapular spine fracture 8 years postoperatively. The physiotherapist may report that the patient is progressing slowly with rehabilitation or has deteriorated. A history of a traumatic event is frequently not present, signifying stress fracture. A history of prior shoulder girdle and/or fragility fractures should be explored. In addition, the patient's past medical history specifically focusing on diseases/conditions that effect bone health (e.g. osteoporosis, cancer, etc.) and current treatment regimens should be assessed.
If the evaluating surgeon did not perform the rTSA, the following information should be obtained: past surgical history of the affected shoulder (e.g. prior acromioplasty), indication for rTSA and operative note (implant system, intra-operative stability and/or complications).
A detailed shoulder examination should be performed with a focus on several key elements. A visible deformity of the acromion or scapula may be present in patients with displaced fractures. However, this may be difficult to determine as a result of the altered appearance of the shoulder contour after rTSA and/or as a result of the patient's body habitus. The key finding is often point tenderness on palpation over the acromion or scapular spine. Active and passive range of motion (ROM) should be assessed with active elevation and abduction most commonly limited, and pain with resisted antigravity elevation. A thorough examination of the incision for infection, neurovascular status of the upper extremity and stability of the shoulder, as well as other causes of post-rTSA pain and dysfunction, should be undertaken.
Imaging
The position of the rTSA and the presence of periprosthetic fractures should be evaluated on standard shoulder radiographs including anteroposterior, transscapular and axillary views. The axillary view is most helpful for assessment of the location of the fracture (e.g. acromion versus scapular spine). This series should be critically compared to pre-and postoperative radiographs to assess any acute change in anatomy or prior bony pathology (i.e. os acromiale or insufficiency fracture) not recognized prior to implantation of the rTSA. Radiographs are often unreliable in the diagnosis of undisplaced acromial or scapular spine fractures, even in the presence of clinical symptoms. 9, 11, 12, 14, 33 In a series reported by Otto et al., 33 17 of 53 (32.1%) patients presenting with pain initially had negative radiographs but subsequently were found to have displaced fractures. The accuracy of radiographs in their study was only 78.8%. Otto et al., 33 describe that acromial tilt and acromial-to-greater tuberosity distance will increase and decrease respectively on successive radiographs as the fracture displaces. This emphasizes the importance of diagnosing the fractures early before they displace, and treating accordingly. Furthermore, Levy et al. 11 showed that interobserver reliability was poor (k ¼ À0.05) for the diagnosis of a fracture on radiographs at the initial presentation of pain. Therefore, a CT scan of the shoulder including the entire scapula should be ordered when there is a high clinical suspicion and negative radiographs with the aim of making the diagnosis and possibly preventing displacement of the fracture ( Figure 1 ).
In our experience, single photon emission computed tomography (SPECT)/CT is useful for obtaining a diagnosis of the stress reaction or undisplaced fracture in the symptomatic patient. This relatively new technology fuses both types of imaging, thereby providing a CT image with localization of the pathologic area of radionuclide uptake 34 ( Figure 2 ). SPECT/CT imaging has been used for the assessment/diagnosis of pars interarticularis and vertebral compression fractures, multiple foot and ankle pathologies, and postoperative orthopaedic infections. 34 The radiation exposure is 80% to 85% less than a standard CT Scan. 35 Nicolay et al. 36 described the use of SPECT/CT in a patient with bilateral atraumatic scapular spine fractures after rTSA in the radiological literature.
Classification
There are two classification systems described in the literature. Crosby et al. 9 performed a retrospective review of 22 postoperative fractures and developed a classification system based on fracture location in relation to the acromioclavicular joint on radiographs or CT scans. Type I fractures (n ¼ 8) were located in the anterior acromion. It was hypothesized that this fracture type occurred as a result of acromial wear from prior acromioplasty. Type II fractures (n ¼ 10) involved the acromial body posterior to the acromioclavicular joint. Type III fractures (n ¼ 4) included the scapular spine with the fracture line extending from the tip of the superior metaglene screw. Otto el al. 33 found this system to have moderate inter-rater reliability (k ¼ 0.422).
Levy et al. 11 developed a classification system after reviewing 18 patients with postoperative acromion or scapular spine pain. In seven (39%) patients, the radiographs were negative and a CT scan was required to obtain the diagnosis of an undisplaced fracture. The fractures were classified into subtypes using the location of the fracture in relation to deltoid origin ( Figure 3 ). All fractures were treated non-operatively. Interobserver reliability (k ¼ 0.96) and agreement (87.5%) were excellent. 11 Both classification systems provide a simple outline for the various types of acromial and scapular spine fractures based on location. However, they are limited by small samples sizes, a lack of validation and an inability to provide guidance for the management of the fracture types.
Aetiology
Postoperative acromial and scapular spine fractures are considered to occur as a result of bony insufficiency secondary to patient and/or intra-operative technical factors.
The patient factors examined in the literature include: patient co-morbidities 33 and pre-operative acromial insufficiency. 21, 37 Otto et al. 33 examined the clinical risk factors in 53 patients with postoperative scapula fractures. Osteoporosis was present in 30.8% of fracture patients compared to 18.4% of control patients (p < 0.05). It was the only clinical risk factor found to significantly increase the risk of postoperative scapular fractures (odds ratio 1.97; 95% confidence interval 1.00 to 3.91). 33 Osteopaenia, endocrine disease, autoimmune disease, excessive alcohol intake, smoking and corticosteroid use were not significant risk factors. However, the study may have been underpowered to identify these risk factors because they are all known to have negative effects on bone density.
Walch et al. 21 examined whether pre-operative acromial insufficiency had an effect on the clinical outcome of patients who underwent rTSA. Their series consisted of 41 of 457 (9%) rTSAs with either an os acromiale (n ¼ 23), fatigue fracture (n ¼ 17) or stress fracture nonunion (n ¼ 1). There was no difference between rTSAs with and without pre-operative acromial pathology with respect to Constant score, active elevation and subjective satisfaction. 21 Implantation of the rTSA resulted in a progression of inferior acromial tilt in 62.5% (n ¼ 20) of patients who had pre-operative tilt. An increase in acromial tilt did not correlate with decreased functional outcomes or shoulder ROM. We have, however, seen multiple patients with increased acromial tilt over time, which correlated with a major deterioration of function. Four (0.8%) patients who did not have any pre-operative acromial pathology sustained a postoperative scapular spine fracture. This group had worse outcomes compared to the other groups. Walch et al. 21 hypothesized that the broad deltoid insertion to scapula and clavicle in addition to unaffected scapulothoracic ROM accounted for the similar outcomes between groups. Mottier et al. 37 described similar outcomes between patients with and without pre-operative acromial pathology. There is no evidence in the literature for pre-operative acromial pathology being associated with postoperative acromial and scapular spine fractures. We have not had a similar experience with pre-operative acromial pathology and have observed that postoperative clinical outcomes and ROM are more variable.
In our experience, a post-rTSA acromial or scapular spine fracture places the patient at an increased risk for other stress fractures in the ipsilateral shoulder girdle. We consider that this occurs as a result of the increased stress on the surrounding bony and ligamentous anatomy (e.g. coracoid, clavicle, acromioclavicular joint) during fracture healing and/or if a mal-or non-union occurs. A case example is shown in Figure 4 .
The intra-operative technical factors include: glenoid baseplate screw position/length 9, 20, 33 and excessive deltoid tension secondary to arm lengthening. 2, 8, 10, 11, 33 No association has been found between primary or revision rTSA and these fractures. Glenoid baseplate fixation has recently been a focus in the literature regarding number, length and position of screws. Otto et al. 33 observed that 14 of 16 postrTSA scapular spine fractures were associated with a screw: seven long (26 mm or 30 mm) posterior-superior peripheral screws, four short (14 mm or 18 mm) posterior-superior peripheral screws ending at the spinoglenoid notch and three anteverted central screws. Further analysis of the surgical technique (e.g. baseplate orientation, screw length and distance from screw tip to edge of bone) between groups did not yield any statistically significant findings. Otto et al. 33 consider that the fracture occurred around the screw and not because of the screw and therefore did not alter their surgical technique. Conversely, Crosby et al. 9 described three patients who had scapular spine fractures associated with the superior metaglene fixation screw in the Delta III rTSA (DePuy, Warsaw, IN, USA). It was hypothesized that the superior metaglene screw acted as a stress riser in this prosthesis and thus Crosby et al. 9 have modified their surgical technique by not inserting it routinely. Decreasing the number of screws placed in the glenoid is supported by the biomechanical study by James et al. 38 showing that there was no significant difference in the average peak displacements of glenoid baseplates with two versus four screws (p ¼ 0.338).
The variability in glenoid base plate designs and screw diameter, number and location amongst the orthopaedic implant manufacturers makes it challenging to provide a consensus on optimal screw position. The optimal bone for screw fixation is found within the base of the coracoid, scapular spine and scapular pillar. 24, 26 The malposition of the superior (12 o'clock position) and posterior (9 o'clock position right and 3 o'clock position left shoulder) screws has been proposed to be associated with scapular spine stress fractures. 9 Therefore, several recommendations can be provided based on extensive operative experience and the the available literature.
We advocate for the superior screw to be 24 mm in length and angled anterior and superior into the base of the coracoid. This screw trajectory and length optimizes fixation and prevents breaching the suprascapular notch and injuring the suprascapular nerve. Longer screw lengths (e.g. >30 mm) have been associated with an increased risk of nerve injury and extraosseous placement. 24, 28 The posterior screw has traditionally been described to use the scapula spine for additional fixation. 39 However, we agree with Crosby et al. 9 that this screw is a potential risk for creating a stress riser in the scapular spine. In addition, the posterior screw has a high risk of breaching the spinoglenoid notch and injuring the suprascapular nerve/artery. 26, 28 Therefore, we avoid placing this screw into the scapular spine by using a short posterior screw ( 20 mm). Further research is required to adequately assess the association between glenoid base plate screws and scapular spine fractures.
Increased deltoid tension secondary to over lengthening the arm is a proposed technical risk factor. 2, 8, 10, 11, 33, 40 However, there is no evidence in the current literature directly linking this relationship. As a result of the initial concern for postoperative instability, we consider that there has been a trend for rTSAs to be inserted with undue tension on the deltoid. Intra-operative assessment of deltoid tension and rTSA stability is based on numerous subjective recommendations 5,40 that we consider to be influenced by surgeon experience and patient characteristics (e.g. muscle relaxation, revision surgery, etc.). Ladermann et al. 31 developed a standardized pre-operative radiographic technique to assess deltoid tension. There was a significant association between inadequate deltoid tension and postoperative instability (p < 0.0001). Two postoperative scapula fractures were observed, although there was no association with excessive deltoid tension (p ¼ 0.830). However, the study population was small and underpowered to adequately determine an association. Although postoperative rTSA instability is a dreaded complication, the surgeon should be cognizant of inserting the rTSA with excessive deltoid tension.
Management
The management of postoperative acromial and scapular spine fractures is challenging for the orthopaedic surgeon because of the high rates of mal-or nonunion, 10 Hamid et al. 10 surveyed 54 members of the American Shoulder and Elbow Surgeons and found that 61.5% had encountered this complication, with 75% treating the fracture conservatively, 22% with ORIF and 3% with revision rTSA. A literature review of the management of these fractures is provided in Table 1 .
Non-operative management of acromial and scapular spine fractures includes temporary cessation of the physiotherapy programme and immobilization of the affected shoulder with either a sling or abduction pillow for at least 6 weeks (Table 1) . 10, 11, 12, 14, 18, 19, 20 No difference between the types of immobilization has been demonstrated. This management is particularly important in the early stages of a stress reaction or undisplaced fracture with respect to preventing it progressing to a displaced fracture. We use an abduction pillow for a period of 6 weeks or until the symptoms subside. Overall, the union rate is approximately 50% and the final clinical outcomes are significantly decreased compared to non-fracture post-rTSA patients. 14, 18 However, the fracture patients do have clinical improvement compared to their pre-operative status. 14, 18 In our experience, an early diagnosis of a fracture is essential prior to displacement, which we consider to be related to worse outcomes. Additionally, we consider that acromial fractures (Levy et al. 11 : Types 1 and 2) should be treated conservatively because surgical fixation is difficult and often unsuccessful.
Surgical management specifically of acromial base and scapular spine fractures has been described in the literature. 9, 13, 15, 16, 21 With this fracture type, an increased amount of deltoid origin is involved and therefore may be defunctioned with a mal-or nonunion. The goal of the fixation construct is to apply compression at the fracture site and neutralize the distraction forces of the deltoid. The main challenge in the surgical management is obtaining adequate fixation in osteopaenic/osteoporotic bone. Tension band fixation has inconsistent results, including hardware failure and non-union. 15, 21 This construct neutralizes forces parallel to the tension band axis. However, the broad insertion of the deltoid creates forces in multiple directions, thereby theoretically increasing the failure of this construct. Rigid plate fixation has been proposed to improve the fixation and stability of the construct. 9, 13, 15 Camarada et al. 16 and Rouleau et al. 13 described the use of a mesh plate and '90-90' small fragment locking plate configurations, respectively, for the treatment of displaced scapular spine fractures with good clinical results and fracture union. Complications associated with rigid fixation include hardware failure and prominence. 15 However, despite the proposed benefits of ORIF, there is no substantial evidence showing a clinically significant decrease in time to union or improved clinical outcomes compared to non-operative treatment.
Conclusions
Acromial and scapular spine fractures after rTSA are challenging complications to manage. The orthopaedic surgeon should have a high clinical suspicion in the patient with progressive pain along the acromion or scapular spine and/or an acute decrease in shoulder function. Standard shoulder radiographs and/or CT Scans should be scrutinized for a fracture. SPECT/CT scans may provide additional diagnostic information, particularly in cases with a suspected stress reaction or undisplaced fracture. Prompt diagnosis and appropriate early treatment is essential for preventing further displacement of the fracture, which we consider to be associated with worse outcomes.
Prevention of this complication in our opinion is the best method of treatment. This includes optimizing bone health in at-risk patients in conjunction with a medical specialist. Intra-operative technical factors include optimal superior and posterior screw length and position and the avoidance of over-tensioning the deltoid. The current literature on non-operative versus operative treatment for these fractures consists of small retrospective case reports and series and therefore precludes the development of a defined treatment algorithm. Further research is needed to determine the optimal treatment for specific types of patients (e.g. osteopaenia/osteoporotic) and fracture location (e.g. acromion versus scapular spine).
